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(54) Poiyurethane elastomers exhibiting improved dembid, greea strength,, andiwater 
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(57) Poiyurethane elastomers exhibiting improved 
green strength while rraintaining shprt demold times 
are prepared from ultra-low unsaturatloii polyoxypropyl- 
ene polyols containing up to 20 weight percent internal 
random oxyethylene moieties. The elastomers adsorb 
less than 10 weight percent water at G°C. The internal 
polyoxyethylene: moiety-containing polyoxypropylene 
polyols may be used to prepare ultra-low unsaturation 
polyoxyethylene capped polyols which are haze-free 
and which may be used to prepare haze-free 4.4'-MDI 
pr^olymers. Multidisperse blends of monodisperse 
internal oxyethylene moiety-containing polyoxypropyl- 
ene polyols of ultra-low unsaturation provide yet further 
improvements in elastomer processing. 
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Description 

Technical neld ' ^ . * * ; 

The present invention pertains to polyuretKafte elastonriers and to haze-free, ultra-low uns:aturation polyoxyprdp>^- 
ene/polyoxyethylene polyols suitable for their preparation. More particularly, the subject irtveHtion pertains to poly- 
urethane elastomers having imprpved demold and green strength while exhibiting low water absorptioril and further, to 
polyoxypropylene polyols having randprti internal oxyethylene moieties suitablie for preparing these- elastomers. Stir-- 
prisingly, polyoxyethylene-capped polybxypropyrene |:)olyols containing randorn oxyethylehe rn6ietieg do not develop' 
haze upon storage, nor do 4,4'-methylenediph^riylepe diisocyahate based, isocyarlate terminated prepolymers ])fe^ 
pared from them. ' ■ ' ^ ' ' ' ' * • : : . ..(*-:•, 

Background Art ^ ^ " -/'.'^/p m-^ ^-^r- . _ 



Processing charapterislics are crrt^^^ comhrierdki viability of p6l^ elastomers. Examples 

of these processing char^ideristics a^^^^ pot jife, gel'tme, denlold tinie. ahd gr§en^ strength; arrbhg others. A com- 
mercially^useful pwtllfe is necessary lb en^fe sufficient working ti^n4 to mix arid degas; wh'el'e h 
polyurethans forming copipOMente. G is cntlcar in "enabling 'conhipreie T before gelation occuifs, par- 

ticularly y^rhlen J^rge, cpniplex mold^ utilizecl,' while demdci'time i^lnipqVtartt in rnaxirihiziiig part J)roducti6h. Too long 
a demold time necessitates larger numbers of rejalively e^ensive molds' ter'a given part ouit>ut. beimold tim^ is-^spe-' 
cially critical ^fpr gfycol.ejrtfind whiqh tend to be slow curing. These retirements are' often competing. For 

example, a decrease in cataljrst lev^l will genterally resylt iri IPriger pot lifef and increased gel time, but will often render 
demold time unisatlsfactory, and vice vVfsa. '^"^ ' ' ^' t -n- . ::: - ;r<> 

Green strength js also important. Green strength is a partially subjert^^ measure of thWdurabifity of a polyuVithane 
25 part immediately fpjlpwing d^ fjH strength of 

the polyurethane part does not develop for a considerable time aftfer casting, the partially cured- 6r "greferi" part mist" 
nevertheless.be demplded within a reasonable time. F^oiyureth^ne^pa^^ 

strength. One type is such that the part is gelled and' rigid,; but i^ bnttje'^nd &sily torn: those norrtTkliiTskiiled in the aft^' 
of polyurethane elastomers refer to this type of pbor greeri sti-fengi^^ to its "cheese-like" con- 

so sistency^,Tlie other type^pf^^poor" green strengtH'is wheatRe piart is sbft and pliable, ahd permanently distorts during 
the demolding pirocess. By.cpntrast, pails which upon demdid display durability and which can be twisted or Bent'wi'tH- 
out permanent damage are said to possess "excellent" green strength! While demold time limits prod'uciionl pbor "green 
strength increases scrap rate. ' - ' ^. ^ ^ ' ^ : . 

Various methods of increasing green strength and decreasing dempid time have been examined. Increasing cata- 
35 lyst level, for example, may often desirably influence these properties. However, as prevfously Stated, increased catalyst 

wuMMaiiiM i i^^ 

affect processability. 

It is well known in the art that polyurea and polyui:ethane/urea elastomers are much easier to process than* all ure- 

40 thane elastomers. Polyurea and polyurethane/urea elastomers are prepared using kmine-termiriated (Dolyols and/pr 
diamine chain extenders. The most common urethane/urea elastomer system uses a toluene diisocyanate prepoiym^r 
reacted with the diamine extender, methylene-bis-(2-chloroaniline), better known as MOCA or MBOCA. This system is 
known to give a long pot life (1 0 to 20 minutes) with commercially acceptable demold times of less than 60 minutes witfi 
excellent green strength. In addition to tiiis, there is minimal sensitivity to changes in processing conditions with this 

45 system. However, some of the physical properties of the elastomers containing urea linkages are inferior compared to 
all urethane elastomers (i.e. softness, tear strength, resilience and hydrolysis resistance). 

Water absorption is critical in many polyuretiiane elastomer applications. For example, polyurethane elastomeric 
seals which are exposed to aqueous environments may experience seriously diminished physical properties due to 
plasticization by water or by disruption of the hydrogen bonding between elastomer polymer polar groups. Elastomers 

50 used in expansion strips for roadways may swell and extrude from the pavement, necessitating frequent replacement. 
Shoe soles, particularly those of the cellular and microcellular types common in athletic shoes, may adsorb considera- 
ble amounts of water, particularly at lower temperatures, For these reasons, where exposure to water is contemplated, 
elastomers based on homopolyoxypropyjene polyols or polytetramethylene ether glycols (PTMEG) have been used, ih 
such applications. water,afc»sorption js only c.a. ^ weight percent at 0**C and less at higher temperatures. 

55 However, the PtMEG utilized in PTMEG7based elastomers is a much higher cost raw material, and elastomers 
based on homopolyoxypropylene polyols generally have long demold time^ and less thaii optimal green strength. Addi- 
tion of greater amounts of catalyst, for example tin octoate, can loWer demold time and increase green strength, but at 
the expense of shorter pot life and gel times, as discussed previously 

In U.S. Patent No. 5,106,874, the use of polyoxypropylene polyols having unsaturations in the range of 6.02 rheq/g 
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polyol to 0.04 meq/g polyol are said to lower demoW time. However, as shown in our copending U.S. patent application, 
filed on even date herewith, even at unsaturations as low as 0.010 meq/g. the demokJ time of glycol extended elastom- 
ers is still quite long, with irrprovement only possible through the use of polyoxypropyiene polyols having exceptionafly 
low unsatyration in the raage,of 0.007 meq/g. Such uttra-lovy unsaturation polyols are preferat)ly prepared through the 
use of a'.SMbstantiallx.arTwrj^hoiis double metal cyanide • tiutyi a!^^^ Greater tfian two fold 

improvement in denipldf tijfie^s possible with isuch pofyols,^ however green strength is still not optimal. 

Polyoxypropylene.polyols having a 10-40 weight percent oxyethylene cap are kngfwn tolpwer demokJ time in poly- 
uretharie.,elastomerSratJmes. sacrificing pot life and gel time. The inprpvement in reactivity is due to the primary 
hydroxyl termination oi such polyols. Hoyi/ever. elastomers prepared frqrh.suchpQlj^bis are notoriously water-sensitive,^ 
sometimes adsorbing 200 weight percent of water at low temperatures. In U.S. Patent No, 5.106.874. the use of poly- 
oxyethylene capped polyoxypropyiene polyols having low unsaturation. i.e. 0.02 to 0.04 meq/g. is said to reduce the 
amount of oxyethylene cap necessary to provide the requisite primary hydroxyl content and thus lower water sereitivity. 
However, no measurement of water absorption was made. Moreover, the systems exemplified are all rigid, diamine 
extended polyurethane/urea elastomfr&apd.,not polyure^ha^^ ^^lastonj^^^ Similar ,disclosjjrf with respect to polyols 
having lower unsaturation but "a h^gh^dfVVe of ^;cyetr?ylen> be"founc< in y;gr'Pater^^ 

Polyox>propylene,poiypls.,wh^^ ojher alKylene^pxides^^^ generally pre- 

pared by' base catelyzied oxyalkyjati^^of pnto' 'a4yj^t>ly hydrlc initiator mor^cule.puring the polyrtlfer- 

ization. the ,conpeting i:eaVxgngement .propyTen,el.wide intp,''allylalpohd;;4's dj|aissea :in Bicxpk . and Graft 
Polymerization. Vol. 2 Ceresa,' Ed'. John'vijley & Sj^ns,pp,;i7:^^^ monpfundioriarspe^ at an increasingly 

higher rate as c»cypropylatipaprccpeds^-^ ynsato^tipn.^e^suj^ ASTM 02:849-69, is gen 

conceded as corresponding to tha amount of moppfunctipp »:^^Polyo^^pPyf'en® 
alent weighte of 2do6, the mol percent of mondi may reach as high as 45 to 50 molfercerit or i^^^^ aeafing";5 grac- 
tical upper.liiTt4topdyoxypropyl.ene.poiyp[mdewlar,wei^^ , ^ , r ...... 

The use'of.lower temperatures and lOEwer tey^ls of p^Jalyst has eh found to, reduce the l©/el of un^turation but 
only marginailj(,!and^t the expense of . greatly increased'iji'oces? time. Ose of special; catalysts, fpr e^^ 
earth hydr'oxideV.anf cpi:rt?in^^ 'metal;r^^)Pjthe^^^ ,^mln?s.has been ifeed to ibyve 

However, thes? altemative catalysts, give a^^^^ :irT^p>Y^ents in unsaturatipn content tp^the rang^ol 0.62 X0 

0.04 meq/g frpm^theJioi^maM'eve^.of 6^ \. . . - " ... 

SignifiqantJr^overaent in monolcontent pf polifOxih3^bpyline pplypls;hasbeeh achieved using doiiDli rbetal cya- 
nide • glyr^'evcdcnplje^cat^lysts. for example [he r?pnTSt9icji]or]r^^^^ zinc hecacyaripcobaltate • glyme dataiysts disclosed 
in U.S. Pat^rrt Na 5.159.922. Through use;pf spch '^talyste, (iolyoxxpropylene pplypis of much higher molecular yveight " 
than preirtously thought possible have been prepared, for ekample i 0.000 Da pofyoxypropylehe triols witti unsaturations 
of 0.017 meq/g. J.W. Reish eta!., "Polyurethane Sealants and Cast Elastopiers With Superior Physical Properties". 
33RD ANNUAL POLYUPfeTHANEj^ARKEtl^^^^^^ 30 - October 3. 1990. pp, 36^374. 

Numerous patents have addressed the use of higher ^i^9lecg)^^ wejjght polyols to prepare polyurethanls; in such 
cases.-the improvements are said to result either solely from the ability to provide higher molecular weight polyols oT 
useful functionality, or additionally! the low monol content, the monol thought to react as ''chain-stoppers" during poly- 
urethane addition. polymerization. Illustrative, examples of such patents are U.S. Patent No. 5.124.425 (room tempera- 
ture cure seaiants from' high molecular^ weight pplyolsXavihg less thian 0.07 meq/g unsaturation): U.S. Patent No. 
5,100.997 (diamine extended potyurethane/ure^elasiomers f rpm high molecular weight polyols having less than 0.06 
nieq/g unsaturation); U.S. Patent No. 5.116.931 (thermoset elastomers from double metal cyanide catalyzed polyols 
having less than 0.04 meq/g unsaturation); and U.S. .Patent No. 4,239.879 (elastomers based on high equivalent weight 
polyols). However, none of these patents address procefs^ng characteristics, which are of paramount importance in the 
cast elastomer industry. tmd . . « 

CP Smith et al.. in "Thermoplastic Polyurethane Elastomers Made From High Molecular Weight Poly-L Polyols . 
POLYURETHANES WORLD CONGRESS 1991. September 24-26, 1991. pp. 313-318. discloses thermoplastic elas- 
tomers (TPU). prepared frpm polyoxyethylene capped polyoxypropyiene diols wflth unsaturation in the range of 0.014 - 
0.018 meq/g. The polyols used were prepared using double metal cyanide • glyme catalysts, and the elastomers 
showed increased physical properties as compared to elastomers prepared from a conventionally catalyzed diol of 0.08 
meq/g unsaturation. Prdcessability is not discussed. 

It has been discovered that low unsaturation polyols sometimes produce polyurethanes with anomalous properties. 
For exairple,' the , substitution of a DMC - glyme catalyzed 10.000 Da molecular weight triol for a 6000 Da molecular 
weight conventionally catalyzed tripl produced an elastomer of higher Shore A hardness where one would expect a 
softer elastomer, whereas substitution of a similarly DMC t glyme catalyzed 6000 Da moleojlar weight trid for a con- 
ventional 6000 Da molecular weight triol showed no inaedse in hardness. Moreover, butanediol extended elastomers 
pr^ared from DMC • glyme catalyzed polyols exhibited demold times of 150' minutes or more, which is commercially 
unacceptatrfe in least elastomer applications. 

In copending U.S. application Serial No. 08/152.614. herein incorporated by reference, is disclosed novel double 
metal cyanide t-butanol (DMC • TBA) complex catalysts prepared by intimate mixing of catalyst reactahts: These cata- 



EP 0 807 651 A1 

lysts lack the crystallinity of DMC • glyme catalysts observed in X-ray diffraction studies, and moreover exhibit threefold 
to tenfold higher activity in propylene oxide polymerizatiori: It is especially surprising that the unsaturation is loyi^^red to 
an unpreckiented. ultra-low value through use of these catalysts, with measured unsaturations Qf frorr^ 0.003 .rneq/g lo 
0.007 meq/g routinely achie\/ed. . . ^ , ^ . ; ■ 

5 While the measurable unsaturation implies an exceptionally low but finite monol content, it is especially surprising 

that analysis of the product polyols by gel permeation chromatography showed no detectable low molecular weight frac- 
tion. The polyols are essentially monodisperse. The virtually complete absence of any low molecular weight monol spe- 
cies renders polyols having ultra-low unsaturation different in kind from even those prepared from DMC -glyme 
catalysts. 

10 Preparation of polyoxyethylene capped polyoxypropylene polyols using double metal cyanide catalysts has thus far 
proven unsuccessful. If polymerization onto a double metal cyanide catalyzed polyoxypropylene polyol is attempted 
without changing the double metal cyanide catalyst to a conventional base catalyst, a complex mixture of highly capped 
polyoxypropylene polyols arid uncapped polyoxypropylene pdtydls is obtained. While nof wishing tq be bourKJ to any 
particular thieory, it is believed that oxyiitKylatiori occurs at a substantially higher rate.lhan catalyst/substrate .transfer in 

15 suchcases. ' ' " ' ' ' ' ' ' — ■" ■■■ ^.j -j.-.j . uo. .-- <^ --i, , ■ 

However, even polyoxyethylene cajsped polyoxypropylene polyols obtained from converttional, base catalyzed oxy- 
alkylation of doulple metiil cyariide catalyzed polyoxypropylene polyols unfortunately generate a ha?e upon storage, 
which IS generttily thQughi to be undesirable. *v1oreov"cr, isocyanate termiMateu prepoiyTners prepared frorn such poiyols,. 
and excess 4.4*-meithylenediiDheriylene diisocy^^ (4.4'*MDI) also develop a haze, thought to be crystalline 4,4'-MD!. 

20 While the effect of polyol haze on polymers prepared from such polyols may be difficult to quantify. M D I crystals Jn M D I 
prepolymers rnay sediment, and thus artificially create a prepolymer with an NCO content which varies with time, tem- 
perature, arid agitation of the storage tank. " - ^. , ' : u' : 
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Objects of the Invention 



It is an object of the present invention to provide polyurethane elastomers having^impfoved demold and green 
strength. ' ■■" _ ' " " ' ' "^'^ ' ' '-r^: ' . , ■. . • - ~ .: ^ . 

It is a further object of the present invention to provide polyurethane elastoiliers with low; water absorption while 
mairitaining cornrnercially feaable prTO^^ : " : v ~ ~ \ . . 

30 It is still a further object of the present invention to provide haze-free, polyoxyethylene capped; ultra-loW; unsatura- 
tion polyoxypropylene polyols. * • ; ^ , - 

It is yet a further object of the invention to provide preciptate-free prepolymers of 4,4'-MDI and ultradow unsatura-. 
tion polyoxypropylene/polyoxyethylerie polydls; 



35 Summary Of The Invention 
^^^^^^^^^^^^^^^^^^^^^^^^^^ 

green strength can be prepared using ultra-low unsaturation polyoxypropylene polyols having from 1 to about 20 weight; 
percent internal oxyethylene moieties. The elastomers thus prepared exhibit surprisingly low water at)Sorption. It has 
40 also been surprisingly discovered that yet further improvement in green strength and demold is possible through the 
use of polyol blends having multimodal molecular weight distribution coupled with ultra-low unsaturation, and that these . 
same polyols may be used to prepare both haze-free polyoxyethylene capped polyols and precipitate-free 4,4'-MDI pre- 
polymers based on them. 

45 Brief Description Of The Drawings 

FIGURE 1 is a bar graph of water absorption at 0**C, 23*'C, and 50**C of a series of elastomers prepared from poly- 
oxypropylene polyols having ultra-low unsaturation (< 0.007 meq/g) containing 0 weight percent to 40 weight per- 
cent internal oxyethylene moieties; > , ' 

50 ' . . ■• , ■ . _ . 

FIGURE 2.is a plot of resilience build with time for polyurethane elastorners prepared from two ultra-low unsatura- 
tion 4000 Da polyols: a monodisperse polyoxypropylene homopolymer diol, and a monodisperse polyoxypropylene 
diol containing 10 weight percent Internal oxyethylene moieties; and 

55 FIGURE 3 is a plot of hardness build with time for the same elastomers as in Figure 2. 

Description of Preferred Embodiments 

The polyurethane elastomers of the subject invention are prepared by the reaction of a di- or polyisocyanate, pref- 
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eraWy a diiscx^yanate; with a polyoxyalkyiene polyether polyol mixture by either the prepolymer. one-shot. ,or oth^r fech- 
niques. using diofe as chain extenders. While the.process of pr^ring pdyureihane elastomers and the raw materials ; 
which have been used in the past are well known to those skilled in the art. reference may be had to the following rriate- 
rial for purposes of basic reference, t : - 

By the term "polyurethane" is meant a polymer wtTose strucAire comains predominately 

" O ... : ' 

II 

linkages between- repeating units: Such- linkages are. formed by the addition reaction, between an organic isoQyanate 
group R— [--NCO] and ^n organic hydroxyl ^oup [HO-^— ft.. In order to form a polymer, the orgariic isocyanate and 
hydroxy! group-containing conpounds musX be at least difunctional. How»/er, as modernly understood, the term "poly- 
urethane" is not limited to those polymers containing only urethane linkages, but includes, ^ymers containing minor 
amounts of'alloiDhanate. biuret; carbodiimide;.oxazolinyl.Jsocyanurate,.uretidi.nedione.^ lireajinkages in addition to 
urethane. The reaclibns of isocyanates which lead to ^ese typest of linkages are summarized in.the f^OLYURETHANE 
HANDBOOK, Guhter Oertel. Ed.; Hanser Publishers;* Munich, ® 1 985, in Chapter p. 7:41 ; ^ndjn>OLYlJREn;H ANES: 
CHEMIStRY-AND TECHNOLOGY, J. H. Saunders an^ K.C. Frisch. Interscience Publishers. Neyy York, .1963. Chapter 
111, pp. 63-1 18. * . ' >: — r-.w.. . 

The urethane forming reaction is generally catalyzed. Catalysts useful are well known to thosf .skilled.in the art, and 
many examples may be found for example, in the POLYURETHANE HANDBOOK, Chapter 3, § 3.4.1 on pages *-95; 
and in POLYURETHANE: CHEMISTRY AND TECHNOLOGY, in Chapter IV. pp. 129-217, Most comrnqnly utilized ^t- . 
alysts are tertiary amines and organotin compounds, particularly dibutyttin diacetate and dibutyltin dilautrate- Cbmbiha-" 
tions of catalysts are often useful also. - . . - , . ^ . . 

In the preparation of polyurethanes, the isocyanate is reacted with the active hydrogen-containing conii30uhd(s) in^ 
an isocyanate^to activeiiydrogen ratio.of from 0.5 to 1 ..to 10 ta 1, ..The "index" of the,compp^iJion is defined as tiie 
— NCO/active hydrogen ratio multiplied by 100. While the extremely large. range described previously may be' utilized, 
most polyurethane processes have indices of from 70 to about. 120 or 130, more preferably from 95 to about .1 1Q and 
most preferably from about 100 to 105. In the case of polyurethanes which also contain significant quantities of isocy-^ 
anurate groups, indices of greater than 200 and preferably greater than 300 may be used in conjunction with a trirneri-" 
zation catalyst in addition to the usual polyurethane catalysts. In calculating the quantity of active hydrogens present, 
in general all active hydrogen containing compounds other than non-dissolving solids are taken into account. Thus, the 
total is inclusive of polyols, chain extenders, functional plasticizers, etc. 

Hydroxyl group-containing compounds (polyols) useful in the preparation of polyurethanes are described in the 
POLYURETHANE HANDBOOK in Chapter 3. § 3.1, pages 42-61; and in POLYURETHANES: CHEMISTRY AND 
TECHNOLOGY in Chapter ll.'§§ 111 and IV, pages 32-47. Many hydroxyl-group containing compounds may be used. 
Including simple aliphatic glycols, dihydcoxy aromatics, particularly the bisphenols, and hydroxyl-terminated polyethers. 
polyesters.and polyacetals, among others. Extensive lists of suitable polyols may be found in the above references and 
in many patents, for example in columns 2 and 3 of U.S. Pat. No. 3.652,639; columns 2-6 of U.S. Pat. Na 4,421.872; 
and columns 4-6 of U.S. Pat No. 4,310,632; these three patents being hereby incorporated by reference. 

Preferably used are hydroxyl-terminated polyoxyalkylene arxi polyester polyols. The former are generally prepared 
by well known methods, for example by the base catalyzed addition of an alkylene oxide, preferably ethylene oxide 
(oxirane), propylene oxide (methyloxirane) or butylene oxide (ethyloxirane) onto an initiator molecule containing on the 
average two or more active hydrogens. Examples of preferred initiator molecules are dihydric initiators such as ethylene 
glycol, 1.6-hexanediol, hydroquinone, resorcinol.. the bisphenols. aniline and other aromatic monoamines, aliphatic 
monoamines.' and monoesters of glycerine; trihydric initiators such as glycerine, trimethylolpropane, trimethylolethane. 
N-alkylphenylenediamines. mono-, di-, and trialkanolamines; tetrahydric initiators such as ethylene diamine, propylen- 
ediamine. 2,4'-, 2,2'-, and 4.4-methylenedianiline. toluenediamine. and pentaerythritol; pentahydric initiators such as 
diethyl en etriamine and a-methylglucoside; and hexahydric and octahydric initiators such as sorbitol and sucrose. 

Addition of alkylene oxide to the initiator molecules may take place simultaneously or sequentially when more than 
one alkylene oxide is used, resulting in block, random, and block-random polyoxyalkylene polyethers. The nunriber of 
hydroxyl groups will generally be equal to the number of active hydrogens in the initiator molecule. Processes for pre- 
paring such polyethers are described both in the, POLYURETHANE HANDBOOK and POLYURETHANES: CHEMIS- 
TRY AND TECHNOLOGY as well as in many patents, for example U.S. Pat. Nos. 1.922.451; 2.674.619: 1.922.459; 
3,190,927; and 3.346.557. Preferable are polyether polyols having exceptionally low levels of unsaturation, prepared 
using double metal cyanide complex catalysts as described infra. 

Polyester polyols also represent prefen-ed polyurethane-forming reactants..Such polyesters are well known in the 
art and are prepared simply by polymerizing polycartx>xylic acids or their derivatives, for exanple their ackj chlorides or 
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anhydrides, with a polyol. Numerous poiycarboxylic acids are suitable, for example malonic acid, citric acid, succinic 
acid, glutaric acid, adipic acid, pimelic acid, azelaic acid, sebacic add, maleic acid, filimand acid, terephthalic acid, and 
phthalic acid. Numercajs polyols are suitable, for example the various aliphatic glycols; -trimethylolpropane and Jrimeth: 
ylolethane, ct-methylglucoside, and sorbitol. Also suitable are low molecular weight polyoxyalkylene glycols such as 
polyoxyethylene glycol, pdyoxypropylene glycol, and block atKJ heteric polyoxyethylene-polyoxypropylene glycols. 
These lists of dicartraxylic acids and polyols are illustrative only, and not limiting. An exeess.of polyol should be used to-.] 
ensure hydroxyl termination, although carboxy groups are also reactive with isocyanates. Methods of preparation of: 
such polyester polyols are given in the POLYURETHANE HANDBOOK and in POLYURETHANES: CHEMISTRY AND 
TECHNOLOGY ■ 

Also suitable as the polyol are vinyl polymer modified poiydls. Such polymer polyols are well known to the art, and 
are prepared by the in situ polymerization of one or more Vinyl mohomers,^ preferably acrylonitrile and/or -styrene, in the 
presence of a polyether or polyester pdlyoi, paHi^^^ cbntainirig a minor amount of natural or induced:unsatu- 

ration. Methods of preparing such poiymer polyds^ may be^f^^ of U.S: Pat. No. 

3,652,639: in columns 1-6 and the Examples off U.S.'Pat. No. 3,823.'S01; particularly in columns 2-8 and the Examples - 
15 of U.S. Pat. No. 4,690,956; and in U.S. Patents 4,524, 1 57; 3,304,273; 3,383;351 ; 3v523,093; 3,953,393; 3, 655;553; and 

4,119,586, all of which patents are herein incorporated by referehcef '-^ ^ ■ - . ' ' : : - « 

Non-vinyl polymer modified polyols are also' pireferred, for example' tfibse prepared by^th^t reaction of a polyisocy- / 
anaie with an aikanoiamine in the presence of a 'polyol as taught by UiS.-Pat. Nos!- 4,293,470 ; 4,296,213; and 
4,374,209; dispersions of polyi&cy^nurates'cbntairiinsf pe^^ urea groups as taught by U.S/Pat. No. 4.385,167;^nd 
20 polyisocyanurate dispersrphs also containing biuret linkages as taught by U S; Pat; No. 4,359,541. Other polymer mod- 
ified polyols may be pVepaTeb situ size reduction of pblyhiers until the parlicfe size is less than 20 ^im.^prefer- ^ 
ably less Wan 10 jim. " . . / > ^ . , - - - ^ . - . 

Many isocyanates are usfeful in the preparation of 'ur^thanes. Examples of such isocyahate§ may be found in col- 
umns 8 and 9 of U.S. Pat. No. 4.690.956, herein incorporated by reference, and in the POLYURETHANE HANDBOOK, : 
25 Chapter 3, §3.2, pages 6^2-73 and PbDTUR ETHANES: CHEMISTRY ANDTECHNOLOGY Chapter II, §11. pages 17- 
31. Modified isocyanates'such as those containing Lirethane, biuret, urea; allbphanate, uretdnimine, carbodiimide or 
isocyanurate linkages are also useful. . : i; : . ^ > ' ^a. \ , . ^. , , . 

Chain extenders niafy afsobe useful in the preparatFdn of pblyu^ Extenders are generally considered 

to be low, mojecular weight polyfunctibnal conpourids or oligomers reactive the isocyanalegfoup. Aliphatic glycol 
30 Chain extenders cohnmonly used include ethylene glycbl, propylene'^lycbl. 1 ,4-butanedi6l, and 1 ;6-hexanediol, and the ' 
like. ' ^ ... - ■ ^ ^ ■*■■-'•■ ^ ''^ , ... :* : . , ---^ ■ : : s - ■ 

Other additives and auxiliaries are commonly used in polyu^ethanes. These additivesinclude plasticizers, flow con- ~ 
trol agents, fillers, antioxidants, flame retardants. pigrnerrts, dyes,' mold release agents, and the like; Many such addi-- ; 
fives and auxiliary materials are discussed in the POLYURETHANE HANDBOOK in'Chapter 3. §3.4, pages 90-1 09 and 
35 in POLYURETHANES: CHEMISTRY AND TECHNOLOGY, Part II, Technofogy. 

agents are well known to those in the art and include a variety of saturated and unsaturated hydrocart)ons having rela- ^ 
tively low molecular weights and boiling points. Examples are butane; isobutahe. pentahe. isopentane, hexane. and 
40 heptane. Generally the boiling point is chosen such that the heat of the polyurethane-forming reaction will promote vol- 
atilization. 

Until recently, the most commonly used physical blowing agents, however, were the halocartx>ns, particularly the 
chlorofluorocarbons. Examples are methyl chloride, methylene chloride, trichlorofluororhethane, dichlorodifluorometh- 
ane, chlorotrif luoromethane. chlorodifluorom ethane, the chlorinated and fluorinated ethanes, and the like. Brominated 

45 hydrocarbons may also be useful. Blowing agents are listed in the POLYURETHANE HANDBOOK on page 101 . Cur- 
rent research is directed to lowering or eliminating the use of chlorofluorocarbons, and following the Montreal Protocol, 
great strides have been made to reduce or eliminate completely, the use of chlorofluorocarbon (CFC) blowing agents 
which exhibit high ozone depletion potential (ODP) arid global warming potential (GWP). As a result, many new halo- 
genated blowing agents have been offered commercially A preferred group are, for example, the highly fluorinated 

50 alkanes and cycloalkanes (HFCs) and perfluorinated alkanes and cycloalkanes (PFCs). 

Chenaical blowing agents are generally low molecular weight species which react with isocyanates to generate car- - 
bon dioxide, Water is the only practical chemical blowing agent, producing carbon dioxide in a one-to-one mole ratio 
based on water added to the foam formulation. Unfortunately, completely water-blown systems have not proven suc- 
cessful in some applications such as rigid insulation, and thus it is still common to use water in conjunction with a phys- 

55 ical blowing agent in some cases. Polyurethane high resilience microcellular elastomers are typical all-water blown 
foams. 

Blowing agents which are solids or liquids which decompose to produce gaseous byproducts at elevated tempera- 
tures can in theory be useful; but have not achieved commercial success. Air, nitrogen, argon, and carbon dioxide under 
pressure can also be used in theory, but have not proven commercially viable. Research in such areas continues, par- ^ 
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ticularly i n view of the trend away from chlorof luorocarbons. - 

Polyurethahe miCTOcelluIar elastomers .generally require a surfactant tp promote uniform cell, sizes and prevent 
foam collapse. Such surfactants are well known to those skilled in the art. and-aresenerally polysiloxanes op^polyoxy-^. 
alkylenepolysirdxanes. Such surfactants^e descrbed, for example. in th^ POLyURETHANE HANDBOOK on pages 

5 98-1 01 . Commerclarsurfactants for these purposes are available from a number of sources, for example from Wacker 
Chemie. the Union Carbide CorporatiOnfand the Dow<k)mingG^ ' u 

Processes for the preparation of polyurethane microcellulaf elastomers and the equipment used therefore are weU 
known to those in the art. and are described, for example, in the POLYURETHANE HANDBOOK in Chapter 4. pages 
1 17-160 andJn POLYURETHANES: CHEMISTRY AND TECHNOLOGy, Part II, Technology, in Chapter VJII, §§ III and 

70 IV on pages 7-116 and Chapter VIU. §§ IHiand IV on pages^?<)i ^238^ - _ , . , , 

Having now desailied polyurethane rawcmateri§!s;genefally,_the pplyoxypropylerie pplypls of the subject invention^ 
containing random, internal oxyejthylenetmo}eties l^^ve-unsaturations of. less maap,0.15,meq/g, preferably less than 
0.01 0 meq/g. ahdmost preferably from Oi^OCVfe-to a,Q97rmeq/gi The pplyols.are preferably prepared utilizing double metal 
cyanide Gomple5c^talysts; Traditional bas^cat^ysis i^ing aikah" nri^l- or ail^line earth- rpetat,^^^^ or alkoxides 

15 will not produce polyols with these low levels of unsatur^jpa- Sqijable doiiWe.metal cygUjigeL* ^ytpe catalysts are dis- 
closed in U S: Patent No.. 5,1 58;922, JKs^>icb=is her^r* incorporated by referencg, , ^ ^ . ., . 

Preferably; hawever. DMCrTB A catalysts such, as^thqse disclosed iacopending^U.S. pm^^^^^ f^lo. 
08/156,534 are used. Examples of suitable-patalysts are presented hereinafter.^ Use^oJ.^e.pr^j^^^^^^ 
distinct improvement-over the DWC --glyme and:pther catalysts. Not o,nlyis tl;ie unsatLfration^reduc^^ incr^ibly Iqyv^ 

20 values, but moreover, despite havmg .a jrT?ea§urable^unsaturatipnv gel perjpeatioH chrornatogr^sphi^^ shpv^ no" 

detectable lower molecular weight components. The ultra-low unsaturation polyols are truly monodisperse^ahd}iiff|re^^^ ^ 
in kind from even DMG- glymeicatalyzed polyols which contain from^iq niol percent Jow,ec aTqleci^[^^^^ 
nents, asisumedly-mbnd:' ' - . ^ ,r , nsv v; c , . . - * ^ o ... - 

The polymerization generally proceeds fronr^ "starterP xnglecuje. mostoften a pplyoxypropylene pplyql of relatively . 

25 low molecular weight. i.e-^T2Q0-700 Da. Thes^:StaiJer pQlyqis mi^y. be prepared by>^^^ catalyz^ propylene 

oxide polymerization, as at these relatively low molecular weights the unsaturation produced is relatively low,, and. yvill ; 
be diluted as pdymerizettion proceeds. Starterjpolyo^,^ the low^r range of rpglecular weight are pr^enal. , * 

Following addition-of the double met^lcy^jde catalyst to the starter pojyql, propylene oxide is added to a pr^sure.^ 
of about 4 psigXO.27 bar>. A rapid dropin pressure indicates th^th^ so-^^ "induction period" ciiar^crteristic of dpu; 

30 ble metal cyanide catalysts is over and additional alkylehe oxide may now be safely added at higher pressure, for exam- 
ple about 40 psig .(2.72 bar). The added alkyler^ oxide may be initially.entirely propylene oxide, or may be the desired 
weight ratio^of propylene^ oxide and etiiylene oxid§. It isJpriportantthat th^ ethylene.oxide be added together with pro- 
pylene oxide as under these conditions ethylene oxide wtH randonily copolymerize to tiie same extent as with conven^ 
tional base catalysis. The resulting polyoxypropylene/polyoxyethylene polyol will have a random oxyethylene . 

35 distributron in that part of ttie polymer formed duringxppolymerization.^The amount of etiiylene oxide randomly, copol- 
ymerized will be from about 1 to about 2Q weight percent tased on the weight of the polyol. If the ethylene oxide content 
is greater than about 20-weight pereent.):then the elastomers will exhibit considerable water absorption. Preferably, from 
1 to about 15%, more preferably 5 tp about 12% internal oxyethylene moieties are contained in the subject polyoxypro- 
pylene polyols. 

40 It desired, the polyoxypropylene polyols containing random internal oxyethylene moieties of the subject invention 
can be capped with ethylene, oxide to provide significant. amounts pf primary hydroxyl groups. When polyoxypropylene 
homopolymers prepared. from double metal cyanide.-catalysts are capped with ethylene oxide, the resultant capped 
polyols rapidly develop a haze upon storage, for example within a 3 to 14 day period. It has been surprisingly discovered 
that oxyethylene capped polyoxypropylene copolymers containing internal oxyethylene moieties are haze-free even 

45 after long periods of storage. The amount of internal oxyethylene content must be an amount effective to produce tiie 
haze-free characteristic; ,lt has been found tiiat this amount depends upon the weight percent of oxyetiiylene cap in the 
finished polyols. writii 2.5 weight percent pf internal oxyetiiylene moieties sufficient for a 1 4% oxyethylene capped polyol, 
whereas a larger amount, c.a. 6-8% or more is required for a polyol with an 18% oxyethylene cap. The amount of inter- 
nal oxyethylene moieties which is effective in producing a haze-free polyol may readily be determined by preparing a 

so series of random, internal polyoxypropylene/jpolyoxyethylene copolymers with varying internal oxyetiiylene content, and 
capping witti the desired amount of ethylene oxide. The product is then stored at room temperature for a period of about 
20 days. The minimum effective anrx>unt of interrial oxyethylene nrKiieties will be that of the polyol with lower internal 
oxyethylene conterrt which remains cle^r. 

In preparing polyurethane elastomers, it has been unexpectedly discovered that the use of polyoxyjaropylene poly- 

£5 ols containing about 20 weight percent internal oxyethylene moieties improves green strengtin as compared to polyox- 
ypropylene homopolymers of the same molecular weight Hardness and resilience build also, in general, increase more 
rapidly. These effects are surprising in that the internal oxyethylene moieties do not provide significantly greater 
amounts of primary -hydroxyl group termination which would be expected of oxyethylene capped polyols. The latter 
would be expected to react faster. 
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Further improvement in demold and green strength may be achieved by utilizing a multimodal mixture of polyols of 
different average molecular weight. The polyois prepared by double metal cyanide catalysis; particularly DMC • TBA, . 
have narrow molecular weight distributions. The polydispersrty of a polymer or polymer^ blend may be defined by the : . 
ratio of Mw/Mn where Mw is the weight average molecular weight and Mh is the huhnber average molecular weight. The 

5 weight average molecular weight is defined as Mw = 2 jO jM j where Mj is theith molecular weight and ooj is the^eightr 
fraction in the total of the ith molecular weight component- The number average molecQlar weight is defined as XjriiM, - ; , 
where Mj is defined as above and nj is the number fraction of the total of the ith molecular weight component. For a the: - , 
oretically perfect monodisperse polymer where all polymeric species have a single nralecular weight, M ^ = M „ .^Pd the 
polydispersity M „/M „ = 1 . In practice, true monodispersity is never achieved, and in the sub>ect applicatioPt polymers . , 

10 described as monodisperse have polydispersities less than 2, and often 1 .20 or less. The molecular weights reported ^ ... 
herein are nurnber average molecular weights.^ ' ; ^ ' ■ ^ - r. , 

The term "muttidisperse" as used herein indicates a bi- or trimodai; etC. di;Stnbuti6n of molecular weights, with each , 
individual distribution being essentially monodisperse: Such muttidisperserbrerids are advantageously prepared by mix: - , 
ing two or more essentially monodisperse polyols, or by introduction oifi'secohd portion of thesamexjr different initiator^ , 

15 molecule into the polyrrierizatiop [n the presence of a catafyst suitable for preparing ein ultraMowtf unsaturation polyoLbut 
at a later time.- • , .. , , • r'-- ^-^ ^ _ - 

Ultra-low unsaturatipn pplyols may be clescribed as truly monodisperse, as 'they cbritain biit a monomodal roolecu- ^ 
lar weight distribution which isVelatively riarr Tne ppiydisf^ersity. Mw/Mn is bften below 1:10, for example. By blend- = 
ing two or rnore polypxyprqDylene p6iypl^ pf different molecular weights, eacft contaiininS from l to about 20 weight 

20 percentinternal pxyethylene rTnoietiesind>eing substantially monodispers^ as characierized by an unsaturation of less 
than 0.010 meq/g polyol. or by blendirig one of such polyoxypropylene polyols containing 1 -20% internal oxyethylene 
moieties with a;Pplyoxypropylene homopolymer polyol haying an unsaturation of less than 0.010 m^/g. pblyurethane - . ; 
elastomers rnay be prepared from such blends which exhibit irhproved demoid tirtie and green^ strength. The polydisr ^ 
persity of the polyol blends is preferably 1 .4 or^ greater. Pol jrciispeitities^grea^^ than 2:0 are aliso- suitable. ^ 

25 The polydispersities of a blend of tyvppd^ ' \^ 

Polydispersity blend = MW fatend.^^ 

where Mw^ and Mwg are weight average nriolecular weights, Mn| 4nd Mwg are number Average molecular weights, and 
a-t and a2 are weight fractions of polyols 1 and 2. respectively 
35 The isocyanates useful in the preparation of the subject elastomers may- in general; be any organic di- or polyiso- ^ : 

80:20 mixture of 2,4- and 2.6-TDI, although other mixtures such as the commercially available 65:35 mixture as well as 
the pure isomers are useful as well. Methylenediphenylene diisocyanate may also be used as a mixture of 2;4'-, 2,2'-, 

40 and 4,4'-MDI isomers. A wide variety of isomeric mixtures ai-e commercially available; However, most preferable is 4.4'- 
MD I or this isomer containing only most minor amounts of the 2,4*- and 2,2'-isomers, as the latter may often affect phys- 
ical properties in a mannernot desirable for a particular product; 

Modified isocyanates based on TDI and MDI are also useful, and many are commercially available. To increase the 
storage stability of MDI, for example, small quantities, generally less than one mole of an aliphatic glycol or modest 

45 molecular weight polyoxyalkylene glycol or triol may be reacted with 2 moles of diisocyanate to form a urethane modi- 
fied isocyanate. 

Also suitable are the well known carbodiimide, allophanate, uretonimine. biuret, and urea modified isocyanates 
based on MDI or TDI. Mixtures of diisocyanates and modified diisocyanates may be used as well. Also suitablerare 
aliphatic and cycloaliphatic isocyanates such as i ,6-hexane diisocyanate, isophorone diisocyanate. 2,4- and 2,6-meth- 

50 ylcyclohexyl diisocyanate, and 4,4'-dicyclohexyl methane diisocyanate and its isomers, 1 .4-bis(2-(2-isoCyanato)pro- 
pyl)benzene, and mixtures of these and other isocyanates. 

In general, the isocyanate index of the overall formulation is adjusted to between" 70 and 130, preferably 90 and 
1 1 0. and most preferably about 1 00. Indexes of from 1 00 to 1 05 are particularly suitable. Lx)wer indexes generally result 
in softer products of lower tensile strength and other physical properties, while higher indexes generally result in harder 

55 elastomers which require oven cure or cure for long periods at ambient temperatures to develop their final physical 
properties. Use of isocyanate indexes appreciably above 130. for example 200-300 generally require addition of a 
trimerization catalyst and result in a crosslinked, less extensible elastomer having considerable polyisocyanurate link- 
ages.. ' : / 

The chain extenders useful in the subject invention elastomers are preferably the aliphatic glycols and polyoxy^ 
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alkylene glycols with molecular welgtrts tp to -gbout SPO Da. preferably less than 300 Da. Aromatic d.hydr(Ky com- 
pounds ^uch as hydroquinone, . hydroquinone... bis{2-hydrGxy^thy!)ether (HQEE). the b.sphenols. and 4 4- • 
dihydroxybiphenyl may.be used as well. The chaiK^^ender may be a sole chain extenderor m.)rture_^Preferred are eth- 
ylene glycol: diethylene glycol, propylene: glycol. 1 .3^)rppanediol. ^-^^^^1' 'l-^'°f^^'°J;^'^'\^^^^^ 

s butan^k. 1 .6-hexanediol. neopentylglycol. 1 .4^ihydroxycyclohexane. 1 .4-cyclohfflcanedimethanol. and the like. Most 
preferred areethylene-glycol and.in particular 1 .4-butanediol and 1 .6-hexanediol. 

Amine chain extenders may also be used, but preferably.iq,most minor amount. The resulting elastomers should 
be characterizted as polyurethane elastomers rather.fhan polyurethaneAirea elastomers which have acquired a distinct 
status in the art Examples are ethylene diamine and 1 .6-hexaoediaminp. and dieihylenetriamine among tiie aliphatc 

10 amine chain extenders. Suitable and preferred aromatic diamine chain extenders ar^the various toluertediarnine^o- 
mers and -their mixtures, the.various methylenediphenylene, diamines and. their -^^^ujes^^^nd preferably the ^ow^^ 
reacting aromatic diamines such «s 4.4-methylene bis(2-chlorcaiji.linei (MPQA) and. Ihe^encally hindered alkyi sub- 
stituted toluenediamines and metf^lenediphenyl^ejiamines.. . . r^,. „„j ^ ^h^r ■ 
In the-siibject invention elastomers, it is ttie-polyether pplyol gornponent whlchjs.crit.ca1. Polyoxyalkylene poly^her 

,5 blends containing polyoxypropylene polyols having from 1 to le^s than 20 weight Pf '*2;22d^^ 
v^ich exhibit exceptionally low unsaSjration.must^g usea,,The measured 

is most preferably less than 0.010 meq/g for the pcilyoj b)end. Furthefiiiore, the individual polyols regard of the 
overall l!lend unsaturation. must have individual unsaturations of less, than O.OlS meq/g. Preferred are polyd blends 
where the overall unsaturation is less thanO.007. mei^fg and no individual pplyofhas an ilnsaluration ^eater than O.OTO 
so meq/g. Most preferred is the use of:indiyidual, polyols in.tljejjlend.v^ljere each polyol has a fneasured^unsaturation of • 

lessthan about 0'007^meq/g., . .i, - - . ^ 'vfutet ^ 

Thus the maior portion of,the polyol blend..iaprder to have.an overall unsaturatibh of less than 0.010 meq/g. fmls 
be an essentially monodisperse pol^xypropyl^e ppl^lcbntaining from 1 to'less than 2° "^i^M Pe^^^^"* ; 
oxyethylene moieties which may be prepared by poly!Ti.erizing.a n.i=^ure of propylene ox.de a"'* '^^"J/" ! 

25 initiator molecule of suitable functionalrty in the presence of a catalyst capable of produang th.s ultra-low leve^ of 
unsaturation. for example a substantially amorphous double-metal cyanide • TBA catalyst such as those P/epared as 
disclosed in copending US. application Serial No. 08/156.534. which is herein incorporated by reference. An example 
of catalyst preparation is given in Example 1 herein, and an example of polyol preparation in Example 2. It ^ notable 
that ultra-low unsaturation polyols are gener^ly monodisperse. Le! there is no detectable low molecular we.ght compo- 

"^"*The polyoxypropylene polyols containing internal oiyethylene moieties may adso contain other oxyalkylene moie- 
ties derived from C3.4 alkylene.oxid.es such as oxetane. .1,2-butylene oxide, and 2.3*utylene oxide, as w^' ^s minor 
amounts of higher alkylene oxides. However, it is preferred that the predominate C3.4 alkylene oxide be propylene 
oxide, and most preferred that it be all. propylene oxifJe. By the term -polyoxypropylene" as used herein is meant a pol- 
35 vmerwfhosenon-oxyethylene moieties are predominaotiy propylene. oxide^Jerived. . ^ 

The random, internal oxyethylene moieties are irtfoduced by cppolymerization of ethylene oxide and proRrlene 
oxide (optionally in conjunctioawHh any other alkylene oxides) in the presence of a catalyst suitaWe for preparation of 
ultra-low unsaturation polyoxyalkylene polyols. preterably. a double metal cyanide catalyst, and most P^f eraWy a 
DMC • TBA catalyst as disclosed in copending U.S.. application Serial No. 08/1 56.534. The amount of internal oxyethyl- 
40 ene moieties should be between 1 weight percent and less than 20 weight percent, preferably between 3 weight percent 
and 1 5 weight percent, more preferably between 5 weight percent and 1 2 weight percent, and most preferably between 
5 weiaht oercent and 1 0 weight percent. .... 

TTie use of the catalysts disclosed in the aforementioned U.S. application Serial No. 08/1 56.534 ,s particularly pre- 
ferred as unprecedentedly low unsaturation. on the order of 0.003 to 0.005 meq/g is possible Moreover, desprte the 
« measurable unsaturation. gel permeation chromatography of polyols prepared with such catalysts surpnsingly shw no 
- detectable lower molecular weight species, i.e.. the polyols are essentially monodisperse. having a polydispersrty of 
less than 1 20, and usually c.a. 1.06. t_ 

The haze-free polyoxyethvlene capped polyoxypropylene polyols containing less than 20 weight percent random 
internal oxyethylene moieties cannot, in general, be prepared by terminating propylene oxide addition arid continuing 
so ethylene oxide addition, as under these circumstances, ethylene oxide polymerization, for reasons not clearly under- 
stood is not uniform. The polyols resulting from attempts at such polymerizations tend to be mixtures containing sub- 
stantial quantities of uncapped polyqxypropylene polyols containing internal oxyethylene moieties ^"dsubstential 
quantities of highly oxyethylene capped polyols. Thus! the polyoxyethylene capped polyols must be prepared by polym- 
erizing the etinylene oxide^lerived cap in the presence.of other catalysts, for example tradrtional alkali -"^tal hydrcxade 
55 or alkoxide catalysts. For example, from about 0.1 to about 2.0 weight percent sodium or potassiurnmettnoxide. prefer- 
ably 0 1 to 0.5 weight percent, may be added to the reaction mixture following preparation of the backbone polymer. The 
DMC catalyst need not be removed prior to addition of the basic catalyst The mixture is then stripped under vacuum to 
remove water and/or methanol or other alkanol following which ethylene oxide may then be added under cc^entiona^ 
conditions. Ottier methods of polyol preparation are also suitable, providing the ultraMow unsaturation and other 
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required properties are obtained. 

The multidisperse polyorblend$ useful in the subject invention 4re advantagebusfy prepared by Wending tWo or 
more ultra-low unsaturation, polypis Individuaily having low pdjydispersity txjX different rnolectilarweigfTts, to form a ' 
multidisperse polyoi blend \with a polydi'spersity greater than 1 !4. Gel permeation chromatography of such blends dem- ^ 

5 onstrates a bi- or trimodal, etc. molecular weight distribution, with each of the original pblyols representing a relatively 
narrow peak. The polyol blends may comprise two or more polyoxypropylene polyds containing internal oxyethylene 
moieties; an essentially homopolymeric polyoxypropylene polyol and one or more polyoxypropylene polyols containing 
internal oxyethylene moieties; an essentially homopolymeric polyoxypropylene polyol and one or more haze-free poly- 
oxyethylene capped polyoxypropylene polyds containing internal oxyethylene moieties; or other suitable combinations. 

10 Preferably, the elastomers are prepared by the prepolymer process/tiowever, the orie shot pi-ocess is usefCil as ■ A 
well. In the prepolymer process, the polyoxyalkylene polyol mixture is reacted with excess di- or polyisocyanate to form 
an isocyanate-terminated prepolymer cdntairiihg from about 1 % to about 25%' by weight NCO groups, preferably from 
about 3% to about 1 2% NCO, rfiore ^refeirabl/ abbut 4 to about 10% NCO; and most preferably about 6% NCO. Pre- - ■ 
polymer preparation may be catalyzed , preferably by tin catalysts ^ijch as dibutyltin diacetate arid dibutyltin di laurate, in 

15 amounts of from 0.001 to about 5%. moi^e prfeferably 0.001 to about 1% by weight, the rnanufacture of prepolyniers is " 
within the level of skill in trie art If ^J^siredr.the'prepo^ polybl cS)mpbh^nt ma^ be' au^enied with hydrbxyl^furic- 
tional polyols dher than polyoxyalkylene p6^^ poiyc^srbladoinfe pblyols, polytetrame- • 

thyiene ether glycols, and the fike. , ^ ' ' \.\ ' ' ' " ^' ' '^^ - - ■ 

Following prepolymer formptioin..* the prepolymer is then mixed w/ith d proportibn of one or rnbr6 chain extenders 

20 such that the isocyanate index is in the desired range, the prepolymer 'and chiain extender are thoroughly mixed,, - 
degassed if necessary, and introduced into the proper moid or, if thermoplastic polyurethanes are desired, reaction 
extruded and granulated or deposited on a moving belt and subsequently granulated. ' ~- . - 

Prefen^ed chain extenders arejhe aliphatic and cydoaliphatic glycols and oligomeric polyoxyalkylene diols. Exam- 
ples of suitable aliphatic glycol chain extenders are ethylene glycol; cfS^^ i,2- and 'liS^propine-diolr ^ 

25 methyl-1 ,3-propan^iQl, 1 ,2^and 1 .4-butane diol, n^ppentyl glycol, 1 ,6- hexanediol, 1 ,4-cyclohexanediol. 1 .4-cyclohex- 
anedimethanpl, hydroquinone bist2-hydr6xyethYi) ether, arid ptoiypxyalkylene diois ^uch as pblyoxyethyl-fehe diols. pbly-*^ ' 
oxypropylene diols., hejteric and blod< polyoxyethyiehe/i^o^ and 
the like, with molecular weights up to abbut 300 Da". Prefeifeci arCethi^leh^^^ diethylene glycol. 1 .6-hexanediol and 
1.4-butanedio!,.the latter particularly prefeire^ ^ '^"^ ^ .i^s v^r ^ v 

30 The subject elastomers are highly suitable for microceflular elastomers, fbr example those suitable for use ih shoe 
midsoles. the formulatioris of such elastomers coritain a minof anpipunt of reactive or volatire blowing agent,"preferabty 
the former. For example, a typical. formulation will cbntairi frorTi about 0.1 to about 1 .6 weight percentT preferably from 
about 0.2 to about 0.4 weight percent water," and have a densiiy of l^sVthan 6.8 g/cm^; prefera^^ 0:15^to'd^5 
g/cm^, and most preferably from about 0.2 to'about 0.4 g/cm^. Isocyanate tefrninafed prepolymers are generally utilized 

35 in such formulations, and have higher NCO content, iri general, than the prepolymers used to form non-cellular elas- ■ • 

crosslinking being provided by employing, in addition to the glycol chain extender, a tri- or higher functional, low unsatu- 
ration polyol in the B-side, optionally also with a low molecular weight cross-linker such as diethanolamine (DEOA). 
40 Alternatively, the isocyanate-terminated prepolymer may be prepared from a tri- or higher functional low unsatuVation 
polyol or a mixture of di- and higher functional low unsaturatidn polyols. Polyols utilized in significant amount in the for- 
mulation, whether incorporated into prepolymer or in the B-side, should have unsaturations of 0.015 meq/g or less, pref^ 
erably 0.010 meq/g or less and the total average unsaturation of all polyol components should also be below 0.010 
meq/g. 

45 Having generally described this invention; a further understanding can be obtained by reference to certain specific 
examples which are provided herein for purposes of illustration only and are not intended to be limiting unless othenwise 
specified. 

Example 1: Catalyst Preparation 

50 ... 

Preparation Of Zinc Hexacvanocobaltate Catalysts bv Homoaenization With Tert-butvl Alcohol as the Complex- 
ing Agent 

A double metal cyanide • TBA catalyst is prepared by the method disclosed in copending U.S. application Serial No. 
55 08/156.534. 

Potassium hexacyanocobaltate (8.0 g) is added to deionized water (1 50 mL) in a beaker, and the mixture is blended 
with a homogenizer until the solids dissolve. In a second beaker, zinc chloride (20 g) is dissolved in deionized water (30 
mL). The aqueous zinc chloride solution is combined with the solution of the cobalt salt using a homogenizer to inti- 
mately mix the solutions. Immediately after combining the solutions, a mixture of tert-butyl alcohol (100 mL) and deion- 
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ized water (100 mU.is added slowly to the suspension erf zinc hexacyanocobaltate. and the '^'^^^ej^^jo'™^^"'^!^ <f', 

On.^ei^?esoLs.are-i^^^^ . 
wTmixture of tert-butyt alcohSl and deionized water. The solids, are again .solated.by cenWugation. and are linally 

ir^SiforloSutes With 250^ 
a vacuum oven at 50iC and 30 in. (Hg) to constant weight. 

Example 2: c-. ... . • .... 

Prt,f^ration.of Pnhfo^omovlf>ne Trial With Random Internal Ethylene Oxide . . . 

TO a high pressure stainless steel aulc^lave was charged.yi'^p^^^ 
oxypropylafed triol oi nominal 700 Da mol.ecular weight and sufliciept <«taly5t ^pf^re^ jn Exanple l,jo^ov«d^^^^^^ 
ppm Syst in the polyol product The.mi)ftiire isstir,ed andJjeated to ,105°C ,under,5pRuyn. Wmove traoes of water 
fromS starte^.and ^ ioiti^.charge pf"! mWf .of W«ene oxide and..emylene..ox.j^ SO^^^O)^^^ 
rrtTrpUrerrpnito^ 

Additional p^opylene,.oxide/ettiyLene oxide j§ ajid.^rover,a .pencx? pf aW!:?".W!y ^i^'^Sl^^^SZZe 
mately 57 5 lbs^(^.1 Kg) has been added. The reactor is theri stripped w,th n.trogen at 1 17;C ^^^^y"}^^"^^^^.. 
priu'ct diih,rged through-a.cartridgef^Jter.toremoye residyal.catalyst. The - 
teining 10 weigMRercent.internaloxyethylene moieVes. .and having an u^^^^^^^^ , ^. , .. 

ComDarati\/e Example 3: ^ / • - « * . . — . * ^ v^c o ■: ■ \ ^ v bns c 

Tb;f,es.ainless.steel Mc^cl^^of Exarnple2««s^deaz:^^^3>^ ; 
pie 1 to provide 100 ppnicatalyst in the polyol firoduc^- ."^e.re^ctQr.wa.sstirTed at 105»C ujnde/^^ 
SSal Siarge of propylene oxide added and the pressur^..n.,otgd. Aft^thi c^jj: had b^me 

f21 9 L DroDV^ene oxide v«as added over a period of 5.5 hours. To the polyojcypropylene homopolymer tr^ thus 
Sta nld wi SSS2 gT25 weight percept sofium methoxide in methanol and 2:8 lbs. h«£ne. H^ane. mem^l 
Sra^^^er^present «.e'e removed by-*^^^^^^ 

3 hours at full vacuum. Following stripping. 9.1 lbs, (4,1 Kg) .ethylene.oxide was^added a^ 117 C over a Perrod of 1.5 
hour^ T^eTesidual catalysts.w4 then removed by treatmer^ with magnesol and f,ltrat.on. resuH^ng prod^^^^^ 
aca ^00 Da pdyoxypriylene triol havinga14weight percent polyoxyethylene cap. npirt^^^^^ 

an^arnLturati.onTc.aO. 
35 short period. 

Example 4 . : . 

The procedure of Example 3 was followed, except that initial oxyalkylation was with 48.3 lbs. (21 .9 Kg) of a propyl- 
.0 ene oxid^ethylene oxide Txture (93:7) over 6.5 hours at 105-C, Following preparation of POly^oPy^"^ ^'^ 
Ll^ne containing random oxyethylene moieties, 332 g of 25 weight percent ^";^^2fTJ^^^7T^en S 
added and the autoclave stripped as in Example 3. Then. 9.1 lbs. (4.1 Kg) ethylene oxide was added at 1 1 7 C over T5 
hou? Se Sal^were removed using magnesol treatment and filtration as before. The product was a Pohroxyjro- 
pjlene triol contaVning 5% random internal oxyethylene moieties wrth a 14 v^eight percent polyoxyethy^Bne cap, and an 
unsaturation of c.a. 0.003 meq/g. The product was haze-free even after greater than 60 days of storage. 

examples 5-8 

m a manner similar to that presented in Examples 3 and 4. a series of polyoxypropylene. polyoxyethylene capped 
diols a^^Tv^h^d without fnternal oxyethylene moieties were prepared. The pplyols were stored for ex^end^f- " 
oS aroom temperature and examined periodically to defect formation of haze. The results are tabulated in Table 1 

Examples 5, 3 and 8 are comparative examples. 
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TABLE 1 



Example 


Mot. Wt. D.a. 


Functionality 


EO Cap wt% 


Random EO 
wt.% 


Appearance 


DaysSince^ 
Manufacture 


5 


4000 


diol 


14 , 


0 


hazy 




3 


6000 


triol 


14' 


0 


hazy ' 




6 


6000 


friol 


14 , 


2.5 


clear > 


23 


4 


6000 


* trioi 


^ : 14 - : 




■clear 


- ;i 60+ 


7 


6000 


friol ; 


6; ' 


8 . 


clear 


60+ 


8 


6000 


' . frioi : 




5 


f . hazy 





^ Examples 5, 3 and 8 turned hazy from 3-1^ days after manufacture. 



Table 1 shows that as little as 2.5% Jnternal oxyethylene 'moieties are sufficient to rerider a i 4% polyoxyethylene 
20 capped polyoxypropylene polyol haze-free, whiile a similar polyol without interpal oxyethyJe'ne turned rapidly hazy Table 
1 further shows that highfer degrees oif polyoxyethylen^ capping wilj require additional random, internal oxyethylene 
moieties to render the polyols haie-free.i Eicample 8. with 18% polyoxyethylene cap, wasjhot rendered haze-free by 5 
weight percent internal oxyethylene moieties. A higher amount of internal dxyethylehe will be requir^ed to produce a 
haze-free polyol In this case. ■ : ! ^. i || 

25 ' I ■ - -r — ; .. !. . , 

Examples 9-14 , • 

' • , * ■ ■■■ ' > 

A series of 4000 Da molecular weight polyoxypropylene- dbis containing 0. 5, 10. 20, 30 and 40 weight percent 
internal random ethylene oxide moieties were prepared as iri Example 2. The diols were reacled'with 4,4'-methyIen- 

30 ediphenylene diisocyanate to prepare isocyanate-terrpinated prepolymers containing 6 weight percent NCO. and 
extended with 1 ,4-butanediol to prepare- polyurethane elastomers. Dibutyltin dilaurate was used as the polyurethane 
catalyst; the amount of catalyst was adjusted to give similar pot life In order that demold tirpes and green strength could 
be subject to proper comparison. Blends of polyoxypropylene homopolymer diols having exceptionally low unsaturation 
and found to beneficially affect demold time and green strength as disclosed in our copending application filed on even 

35 date herewith are also included for purposes of comparison. The results are presented in Table 2; The examples pre- 



40 



50 



12 



EP0 807 651 Al' 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



•es - * 
O 

o O 

O bE} 



P 

o 



o O 



o 

mm ^ 



O 

Ed 



O 

o 
0. 



•a' 



en 

* 

O 



o 

c- 

. o 



o 
c 



o 



oo 

NO 



oo 



NO 
CN 



-\0 



oo 
oo 



•o. 



o 

00 



VO 
CM 



VO 
■ OO 



•00 



o 
'too 



r 



o 
o 

- o. 



00 



O 



o 



oo 
VO 



\O0 



CO 



. oo- 



.oo 



VO 



oo 



CO 
CO 



ov 

00 



oo 

VO 



m 
O 
Ov 



O 

NO 
ON 



VO 
OV 
00 



a; 
m 

Ou 

O 

Qu 



U 
00 
>- 



O 
on 



c 



4) 
U 

c: 



c 

o 



CO 

00 



o 
u3 



OJO 



c 



3 
O 



o 
o 



3 
O 



o 
o 

CO 



As can be seen from the table, the demold times for the polyoxypropylene diols containing 5 weight percent and 10 
weight percent internal random oxyethylene moieties are similar and in some cases superior to elastomers prepared 
from a monodisperse polyoxypropylene homopolymer diol and multidisperse polyoxypropylene homopoiymer blends. 
However, the green strength at demold is improved over the monodisperse, low unsaturation polyoxypropylene 



13 



EP 0 807 651 A1 



homopolymer, and the tensile strengths of the random oxyethylene-containing elastomers are considerably higher than 
those prepared from monodisperse or multidisperse polyoxypropylene homopolymer diols. Moreover, the ^green 
strength aft6r' 60 minutes for the elastoniers prepared from polyoxypropylene polyols containing 5 and 10 weight per- 
cent internal oxyeth:^ene "moieties was excellent, while that of the elastomer prepared from the 4000 Da mpnocjisperse 
homopolyoxypropylene polyol was average. . ' , * 

The polyoxypropylene polyols of the subject invention, having up to about 20 weight percent internal oxyethyiene 
moieties and ultra-low unsaturatlon, have been demonstrated to process well in terms of exhibiting commercially useful 
demold times and good green strength, as well as providing elastomers with superior physical properties. However, as 
disclosed previously, many elastomers are required to retain their physical properties in wet enyironnient$. We have 
found that polyurethane elastomers prepared from low unsaturation polyoxypropylene polyols having up to about 20 
weight percent ranidom oxyethyiene moieties surprisingly show minimal room temperature water absorption, and elas- 
tomers prepared from pblyols Containing less than 20 w61glTt 'percent randorh internal oxyethyiene content, preferably 
5-15 weight percent, exhibit water absorption of less than 10 weight percent, and generally less than 5 weight percent, 
even at 0**C, whereas elastomers prepared with 20 weight percent or moi-e internal oxyethyiene moieties .as well as 
oxyethyiene capped polyoxypropylene polyols show absorptions of greater than 1 00 weight percent under these condi- 
tions. The water absorption at d^cV23^C, knd 50°C' of (Biastbrners prepared from polyols containing varying amounts of 
random internal oxyethyiene rndret'es ^ . / ■ , ^ : . - - ; . 

As can be seen from Figure 1, for 'eiabiorners Where£ whh respect to.waier absorption is limited 

to higher tenrrperatures. i.e. room temperature or higher, up to 20 weight percent internal oxyethyiene moieties are suit- 
able in the polyols usecl to prepare the elastomers.- However, w/hen- minimal low temperature water; absorption is 
required, for exarnpje low ^sorfition 'at O^C. the amount of internal oxyethylerie moieties Js preferably less than 15 
weight percent, more preferably in the tinge of 5' weight percent to lO^eight percent. Under^ these conditions. 0°C 
water absorpjion is less than 5% by weight, nearly the same as is obtainable with polyoxypropylene homopolymer poly- 
ols and PTmEG polyols but without ttie pf bcessing problems of the former or'the higher cost of tha latter. 

The actual weight percent water absorption of the elastomers is presented in Table 3. along with a comparative 
elastomer prepared from a 4000 Da. 20 weight percent polyoxyethylene capped polyoxypropylene diol (Example A), 
having an unsaturation of 0.009 rneq/g. ^> - ' -^^^ . , ^ - 



TABLE 3 



Weight Percent Water Absorption As A Function of Temperature 
(6% IMDI Prepolymers/BDOCured) 






Wteter Irnmersion Tempera- 
■ . tur^ 


ll:i'^l..|.)!Ji 










9 


0 


2.1 


2.1 


2.2^ 


10 


5 


2.0 


2.1 


2.5 


11 


10 


2.3 


2.5 


4.7 


12 


20 


2.3 


3.9 


.110.4 


13 


30 


3.5 


23:1 


129.5 


14 


40 


10.4 


116.0 


189-0 


C 


207© capped 


5.1 


14.2 


76.4 



The development of hardness and resilience build with respect to time are considerably enhanced with the subject 
polyols containing internal oxyethyiene moieties as compared to polyoxypropylene homopolymer polyols. Figure 2 
shows the resilience build of elastomers prepared from a 4000 Da molecular weight polyoxypropylene homopolymer 
diol (no internal EO) (Plot A), and a 4000 Da monodisperse polyoxypropylene diol containing 10 weight percent random 
oxyethyiene moieties (Plot B). To measure resilience build, a series of identical elastomers were prepared from the 
aforementioned polyols and oven cured at 100°C. Elastomers were removed at various intervals and resilience meas- 
ured. As can be seen, even though the polyoxypropylene diol containing 10 weight percent internal oxyethyiene moie- 
ties was monodisperse, the resilience build Is considerably greater than that achieved from a monodisperse, ultra-low 
unsaturation polyoxypropylene diol. Moreover, the physical properties of the elastomers prepared from the diol contain- 
ing internal oxyethyiene moieties are far superior to those of either of the other two examples. The hardness build of the 
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same elastomers is presented in Figure 3. . . . - . . , i 

While the best mode for can-ying out the inverltion has been described in detail, those familiar with the^art to which 
this inv'ention relates will recognize^ various atternative desigrs and embodiments for practicing the invention as ddined 
by the following claims. . .^ 

Claims • ' ^ ^ . ^ . 

1 . A haze-free polyoxyethylene capped polyol having an unsaturation of less than about 0,0[15 meq/g polyol. compris- 
ing: ■ ■• ■ - 'V- _ , ^ , - 



; a) a<rPto octafunctional polyoxypFopytepie t)a(^<bone polyol. contetning.from^l,to, a^ 20 weight percent ran- 
dom internal oxyethylene.nnoieties;'. ' rf'}ib.V, ■ — * . . - . A : ' 
b) from about 5 weight percent to-about^S weight- percent polyoxyethylene. rroigtiestRr^ent as a cap onto said 
■ backbone polyol; * • a -^ ^'^ ' ' 5..,.:) - m;.-, ^' ^ -:o -ct, ft, . 
75 • whereirtsaid'backbone polyol is. prepaced;by.polyrT^ 

oxide onto a di- to octafunctional initiator molecule in the pf^ence of a d.oubie igefc^^ 

Wherein- said haze'-free;poIyoxyetJ?yten^. capped^polyol h^ an eq4>ajervl jweig^ from about 500 Da to 
about 15.000- Da;'^' r. . - . ; -v ' ^ n - ■ . ; . z r ' - ... . 

V .: wherein the amount of random; internal opcyethyleae pioi eties is such.asto pr^e.nt the.fprmatio haze 
20 - in said polyc»cyethylene capped polyols for pg^-iod of at least 20 cjays ^ien^storedrat'?3^^^ _ \ 

wherein-all Weight percents are relative to the weight qf Xpe hazerfree p9lyppcyethylene capp^ polybir ' 

2. A haze-free polyoxyethylene capped polyol a^ claimed tp, daim^l . charact^ised in th^t said unsaturation is 0.01 0 
meq/gwiess. - * . • . . - - , • - . . 

3. A haze-free polyoxyethylene capped polyol as claimed in daim 1 characterised in that said unsaturatioh'is 0.007 
meq/g or less. 

4. A haze-free polyoxyethylene capped polyol as daimed irtahy one of the preceding claims characterised in that said 
30 polyol is a diol or triol. ; . - ~ . 7 " . ' ' / » . . ' 

5. A haze-free polyoxyethylene cappedpolyol as daimed in any one of the preceding ciainis characterised in that said 
polyoxyethylene cap compriises 5 fo about IS weight-percent of said polyol and said random internal oxyethylene 
moieties comprise from 2 to about 10 weight percent of said polyol. 

35 • 1 ;•'">• ' ' ' ' 

6. A multidisperse polyol blend having an average unsaturation cf.less than about 0.010 meq/g and a polydispersrty 
of greater than 1.4, comprising: „ . . 

two or more individual polyoxypropytene pbJyols. each of said individual polyoxypropylene polyols being a sub- 
40 stantially monodisperse polyol having an' unsatiiration of less than 0.015 meq/g and an average molecular 

weight of from about 1000 Da to about 20.000 Da, at least one of said two or more individual polyoxypropylene 
polyols comprising a polyoxypropylene polyol containing from about 1 weight percent to about 20 weight per- 
cent random Jnternal oxyethylene moieties. 

45 7. A multidisperee polyol blend as claimed in claiim 6 characterised in that each of said individual polyoxypropylene 
polyols has an unsaturation of 0.010 meq/g or less. 

8. A multidisperse polyol blend as claimed in claim 6 characterised in that each of said individual polyoxypropylene 
polyols has an unsaturation of 0.007 meq/g or less. 

50 - ■ ;: ' . . , . 

9. A multidisperse polyol blend as claimed in daim 6. claim 7 or claim 8 characterised in that each of said individual 
polyoxypropylene polyols comprises a polyoxypropylene polyol containing.from 1 weight percent to about 20 weight 
percent internal random oxyethylene moieties. 

55 10. A multidisperse polyol blend as claimed iri claim 9 characterised in that each of said individual polyoxypropylene 
polyols has an unsaturation of less than about a007 meq/g and a random internal oxyethylene content of from 
about 5 weight percent to about 15 weight percent. 

11. A polyurethane elastomer exhibiting less than 10 weight percent water absorption ait 23°C. said elastbnrier being 



15 



EP 0 807 651 A1 

the reaction product of: 

a) a di- or polyisocyanate at an index of from 70 to about 130/ ' 

b) a polyoxypropylene polyol component having an average iecjuivaierit weight" of from 1000 Da to about 8000 
5 Da, an average unsaturation of less than about 0.010 meq/g and comprising at least one polyoxypropylene 

polypi containing from 1 to about 20 weight percent internal random oxyethylene moieties and a nominal func- 
tionality of two or three; and ^ . . 

c) an aliphatic glycol or digomeric polyoxyalkylene diol chain extender having a molecular weight of less than 
about 300 Da. - t . ? 

10 . ^ _ ' , , 

12. An elastomer as claimed in claim 11 chara(::terised in that said polyoxypropylene polyol component comprises a 
single polyoxypropylene diol having an unsaturation of less than about 0.007 meq/g and an internal random oxyeth- ; 
yiene content of between, about 1 weight percent and about 1 5 weight percent. 

15 1 3. An elastomer as claimed in claim i 1 c|;iaracterised in thaf said polyoxyprbpylehe polyol component comprises a 
multidisperse polypi conipprjent havi'nig a polydisper&ty bf at least 1 .4 and containing at le^ two indwidual sub- 
stantially monodisperse polyoxypropylene polyols having ah unsaturation of ie^s than© -010 meq/g. at least one of 
said at least two Individual polyoxypropylene polyois containing from 1 weight percent to ab6ut^20 weight percent 
random internal oxyethylene moieties. ' ' ^ 

20 ' ' ■ ' ' ^ ' ^. n . .. . ; ■ ■ . ~- ■ 

1 4. An^elastQmer as claiiTied in any one of dainis 11 to 1 3 characterised in that said polyoxypropylene polyol comprises 
a polyoxypropylene diol or triol having an equivalent weight 6f from ttfOO Da to about 8000 Ba. an unsaturation of 
about 0.007 meq/g or less, and an internal dxyetHylene cbhteht of 5 to aboift 12 weight percent basedon the weight 
of the polyoxypropylene diol or triol. 

15. A polyurethane elastomer exhibiting less than 10 weight percent water absorption when measured following 
immersion in water at 0°C. said elastomer comprising the reaction product of: 

a) an isocyanate terminated prepolymer containing from 3 weight percent to about 25 weight percent NCO 
30 having been prepared by the reaction of a di- or polyisocyanate containing in major part 4.4'-methylenediphe- 

nylene diisocyanate with a polyoxypropylene polyol component comprising: 



a) i) at least one polyoxypropylene diol or triol having an unsaturation of less than about 0.010 meq/g and 
a random internal oxyethylene content of from 1 weight percent to about 12 weight percent; 
35 a) ii) optionally, one or more polyoxypropylene diols or triols having an unsaturation less than about 0.01 0 




wherein the average equivalent weight of a) i) and a) ii) together is from alx)ut 1000 Da to about 8000 
Da; with 

40 b) an aliphatic diol chain extender selected from the group consisting of ethylene glycol, diethylene glycol, neo- 

pentyl glycol, 1,4-butanediol, 1,6-hexanediol, and 1 ,4-cyclohexanedimethanol at an isocyanate index of from 
70toakx)ut 130. 



1 6. An elastomer as claimed in claim 1 5 characterised in that said polyol component a) i) and a) ii) together has a poly- 
45 dispersity of 1.4 or greater. 

17. An elastomer as claimed in claim 1 6 characterised in that each of said polyoxypropylene polyols a) i) and a) ii) are 
substantially monodisperse. with individual polydispersities of less than about 1.20. 

50 1 8. An elastomer as claimed in any one of claims 1 5 to 1 7 further comprising the reaction product of water as a reactive 
blowing agent in an amount of from 0.1 weight percent to about 1 weight percent based on the weight of the total 
reactive composition such that the resulting elastomer is a microcellular elastomer having a density less than 0.8 
g/cm^. 

55 19. A microcellular elastomer as claimed in claim 1 8 characterised in that the density of said microcellular elastomer is 
from about 0.2 g/cm^ to about 0.4 g/cm^. 

20. A microcellular elastomer as claimed in claim 18 or claim 19 characterised in that the polyurethane polymer com- 
prising said microcellular elastomer exhibits a water absorption of less than 5 weight percent at 0°C. 
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21 , An Isocyanate terminated prepolymer free of precipitates prepared by reacting an excess of a di- or polyisocyahaie 
component comprising 4,4 *methylenediphenyiene diisocyanate in major part, with a polyoxypropytene polyol con- 
taining from 1 to about 20 weight percentinternal p)(yethytene moieties and having an unsaturation less thari about 
0.045 meq/g. . . 

22. An isocyanate terminated prepolymer free of precipitates prepared by reacting ari excess of a di- 6r pdyisocyanate 
component conrprising..4,4Tmethylenediphenylene diisocyanate in major part, with a haze-free polyoxyethylene 
capped polyol as claimed in any one of claims 1 to 6. - • . 

70 23. A polyurethane elastomer exhibiting Less than 5. weight percent yirater .absorption at 0**C, comprising the reaction 
product of: - . v.: : j /- - 1 .... ' 

a) an isocyanate terminated prepolymer having an NCO content of from 3*t6*about'25 weight percent and pre-- 
^ pared by leactiOT of a diisocyanate comf^pnem coTOnsi 4,4'-methylenediphenylenediisocyanate in m^or 

15 :'part with t)rie or more pplycpcyprppyleqe diots|iavjng a molecular weight of froiti"500 Da' to 20,000 Da. an 

unsaturation of.0.007 nrjeq/g or tess. arirf an.it^ternal random oxyethyj^enexonfe frbrri about^ to atiout 12 
^weight percerttrwith n \ • . ^: - k - - V , -^'V. ' ^* ' 

b) 1 ,4-butanediol at an index of from 70 to 130; in the presence of " " ^ ' * ' ~ " - * 

c) an effective amount of a urethane promoting catalyst. ''^ ' > ' - -* ' . . 
20 _r 

24. An: elastomer as clairtjed in clairn 25 characterised i 
0:1 Xo about LO.weight percent water re\&XWe 



25 



30 



35 



40 



45 



50 



55 



icterised in that,s|id reaction producil is further the 'reaction prdduct of ^ 
j{e to.tNe arnounts pf a) and^^^^ " ' ' * ^ ■'-' •. t^ '»s'>^ . : „ , 
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